The ever growing international trade has limited efforts towards the prevention of introduction, spread and establishment of invasive organisms. Non-native pests can cause severe loss of production and lead to restriction in exchange of genetic materials and seed marketing across regions. Regulating pests' movement through quarantine measures and establishment of regional boards has been identified as a way to deal with introduction and expansion of invasive organisms. This review analyzes the different pest regulations in the West African sub-region with a specific focus on the implementation of quarantine measures in rice as a case study. The various regulations related to seed production, certification and marketing, and quarantine regulations in West Africa were analyzed and their enforcement and performance were assessed through comparison to international standards, especially the International Plant Protection Convention (IPPC). Although a regional regulation on seeds and phytosanitary measures has been elaborated, ECOWAS countries are still enforcing their national phytosanitary legislations, which are nearly the same in all West African countries -they all aim at ensuring plant health by applying preventive and curative measures to prevent the introduction and spread of pests in their territory by controlling the import and export of plant materials and disseminating appropriate pest management techniques to boost agricultural production. Most ECOWAS countries are yet to submit their phytosanitary legislation to IPPC to comply with Article VII.2i of the endorsed convention. In addition, the entry points are not well defined and provided to the IPPC according to the Article VII.2d of the convention. When the quarantine list is available, the organisms regulated for each crop species are not stated, posing a real problem not only for rice genetic resource exchanges for research purposes but also for rice seed trade. Efforts and resources should be devoted by each country to research on pests and regulatory mechanisms in order to define, among others, pest status in the region, and to update regularly the quarantine pests list in the West African region.
INTRODUCTION
Increased international trade has limited efforts towards the prevention of introduction, spread and establishment of non-native or invasive organisms [1, 2] . Introduced pests threaten food security because they cause severe losses on crops, affect land use and require high economic costs for their control [1, 2] . Non-native pests can cause a total loss of production and soil-borne disease may render agricultural land non-cultivable for a long time. Quarantine measures have been identified as an efficient way to manage pests since, if properly enforced, they prevent the introduction and spread of pests and other invasive organisms [1, 3] .
To provide an international framework for the regulation of pest quarantine, guidelines have been elaborated by the World Trade Organization (WTO); Convention on Biological Diversity (CBD); and the International Plant Protection Convention (IPPC). Following these guidelines, many countries have elaborated national phytosanitary measures. In their attempt to facilitate the implementation of these measures at regional level and to avoid the regulations hampering trade, countries have sought to harmonize their phytosanitary measures [1, 4] . The Economic Community of West African States (ECOWAS) Member States have elaborated regional seed regulations pertaining to the production, certification, and marketing of seed as well as measures to prevent the introduction of seed-borne diseases [5] . However, little is known on how the phytosanitary measures are enforced and their implications on seed trade. An assessment of how the quarantine regulations are elaborated and implemented in West African countries will flag issues to be tackled to avoid the export or introduction and spread of invasive pests that may threaten rice diversity and cultivation in the region. This paper analyzes the different pest regulations in the West African sub-region with a specific focus on the implementation of quarantine measures in regard to rice seeds. The focus on rice seeds is because rice is playing a strategic role in the food security of the populations in the region [6] . Thus, it is of great importance to provide policy makers with information on factors that may limit its production so that appropriate coping strategies are taken.
In this review, we use the word pest to refer to "any species, strain or biotype of plant, animal or pathogenic agent injurious to plants or plant products" [7] . Regulated pest or non-native pest is defined as a "pest of potential economic importance to the area endangered and not yet present, or not widely distributed and controlled" [8] .
Origin of regulatory measures for quarantine pests in the ECOWAS member countries
West African countries have endorsed the International Plant Protection Convention (IPPC), an international agreement on plant health, which was adopted in 1951, revised in 1997 and entered into force on 2 nd October, 2005 [7] . As at May, 8 th 2015, (date of last update of the list of contracting parties) the convention has been contracted by 182 parties [9] . The convention aims to protect plants by preventing the introduction and spread of pests. It also covers the direct and indirect damage caused by pests (including weeds), the means of conveyance, containers, storage structures, land and any object or material liable to convey pests. All contracting countries should establish a national plant protection organization and must make the necessary arrangements for issuing phytosanitary certificates [8] . All West African countries, except The Gambia, have adhered to the IPPC (Table 1) . However, adherence to the convention was not done uniformly. For instance Benin, Guinea Bissau and Côte d'Ivoire were the latest to adhere to the convention while Niger, Senegal, and Sierra Leone adhered to it in the 1980s. Recently, regional organizations have started striving towards having seed phytosanitary legislations at the regional level [10] . Thus, the Permanent Inter-state Committee for Drought Control in the Sahel (CILSS) and the West African Economic and Monetary Union (WAEMU) have endeavored to harmonize the national seed and phytosanitary legislations of their member countries. All West African countries are members of at least one of these regional organizations and, to that end, the initiative of harmonizing the regulation was later extended to all West African countries including Chad and Mauritania, which are members of CILSS [11, 12] . However, adoption and implementation of the harmonized regulations is confronted with the wide divergence of national regulations [13] .
Inter-African Phytosanitary Council (IAPSC)
The Inter-African Phytosanitary Council (IAPSC) was created to serve as continental frame in terms of phytosanitary regulations. Among other roles, IAPSC has to prevent the introduction and spread of crops and trees pests in Africa, ensure the harmonization of phytosanitary legislation, build the capacity of stakeholders involved in phytosanitary control at national level and disseminate information on sanitary and phytosanitary regulations and their implications on trade of agricultural products [14] . All African Union (AU) members' countries are members of the IAPSC. Although there is no harmonized phytosanitary regulations at the continent level yet, IAPSC is contributing to strengthen the capacity of national plant phytosanitary officials on transboundary pests and to update pest in regional economic union or commission such as West African Economic and Monetary Union (WAEMU) [14] .
Regional harmonization of seed regulation and phytosanitary control measures
Harmonization of seed laws and phytosanitary control measures to conform to international best practices is regarded as an important factor in promoting a modern and competitive seed industry [15] . It is worth noting that the harmonization of seed regulations in West Africa entails phytosanitary control measures.
A common regulatory framework is expected to reduce the cost of trading seed and encourage economies of scale in seed production. While progress on harmonizing seed regulations can be seen across the ECOWAS community, effective implementation of regional harmonization will require further action at the national level as well as mutual recognition of rules and regulatory systems between countries [16] . The regulation covers eleven major crops, including rice, that are important to food security and trade. Special attention was devoted to rice seed systems and ECOWAS adopted enabling regulations on the roles, organization and functions of the West Africa Seed Committee (WASC) in June 2012 [17] . The WASC was created under the ECOWAS Regulation to implement regulations on seed quality control, certification and marketing. In May A major innovation of the ECOWAS Regulation is the establishment of the West African Catalogue for Plant Species and Varieties (West Africa Seed Catalogue). Any variety registered into the national catalogue of a Member State should be registered into the regional catalogue and be freely traded and allowed for multiplication throughout the region without any further registration requirement. The Economic Community of West African States (ECOWAS) differs from other regions in that new varieties only need to be registered in one member country in order to be eligible for entry in the regional catalogue; both COMESA and SADC require registration in two countries in order to be eligible for entry in the regional catalogue. The regional catalogue is essentially a compilation of the national catalogues of individual countries [10] .
The ECOWAS countries are Benin, Burkina Faso, Cape Verde, Côte D'Ivoire, The Gambia, Ghana, Guinea, Guinea Bissau, Liberia, Mali, Niger, Nigeria, Senegal, Sierra Leone and Togo.
Different pest control regulations
In the ECOWAS sub-region, the regulatory standards for pest control mainly consist of the establishment of the lists of regulated pests appended to phytosanitary legislation at the national and regional levels.
❖ National Phytosanitary Legislations
National phytosanitary regulations are nearly the same in West African countries. They aim to ensure plant health by applying preventive and curative measures to prevent the introduction and spread of pests in their territories. In addition, they seek to organize and control the import and export of plant materials and to disseminate appropriate pest management techniques to boost agricultural production. However, compliance with the IPPC convention is still a challenge. As per December 4 th , 2016, six of the ECOWAS member countries ( In the existing lists of quarantine pests in ECOWAS Member Countries, the scientific names of organisms have been jumbled up and not arranged based on the type of pests, the categories of quarantine and materials for which pests are regulated, as required by the convention in its article VII.1.i [8] . When the quarantine list is available, the organisms regulated for each crop species are not clearly stated and this brings about confusion. It is a real problem, not only for rice genetic resource exchanges for research purposes but also for rice seed trade. A rice seed trader cannot easily distinguish the quarantine pests of rice seed and, consequently, these organisms can be accidentally introduced in a country or the entry of the seed will be delayed through verification for compliance. This will inevitably lead to an inefficient seed system since the delay will generate additional cost for seed importers and even delay sowing for the cropping season. Consequently, the cost of seed for farmers would increase, preventing them from buying improved seeds to increase their production.
❖ Regional Phytosanitary Legislation
Regulation C/REG06/09 of ECOWAS on the harmonization of the organizational framework and operational rules governing the biosafety of plants, animals and food products in the ECOWAS region defines plant health regulation in West Africa. This legislation is based on those of CILSS and WAEMU.
The Permanent Inter-state Committee for Drought Control in the Sahel (CILSS) defines standards for phytosanitary control of seed in a common regulation on plant and seeds for its member countries (TITLE II, Chapters 5 and 6). This provision subjects seeds of all plant species to control at the point of exportation and final destination. Article 54 states that the export of seed is subjected to authorization from the country. of quarantine pests and, for the specific case of rice seed, the organisms remain the same. The Economic Community of West African States (ECOWAS)'s pests quarantine list provides per crop species, the scientific name of the pests, their class, distribution, the plant material for which it is regulated, and the requirements for the importation of the concerned material. The structure of the list meets international standards for phytosanitary measures. However, the list is not frequently updated. Therefore, new quarantine pests may not be excluded or included in the list in the light of scientific knowledge. Thus, new pests can establish and spread before costly and often ineffective eradication measures are enforced [1] . In addition, the updating of the quarantine pests list is important to avoid accidental introduction of pests or to prevent unnecessary control at the entry point of seeds. Furthermore, the ECOWAS pest quarantine list is not available yet at the International IPPC secretariat as required by the International Standards for Phytosanitary Measures, which may limit its accessibility.
Requirements for the importation of rice seeds
Pre-regulatory measures for the importation of rice seeds in a regional community or from one regional economic community to another requires compliance with several conditions, which vary from one regional community to another. These conditions pertain to the required documents, specified treatments for seeds lots and other specific requirements. Import Permit and Phytosanitary Certificate are the main documents required in the ECOWAS sub-region. The Plant Import Permit is issued by the importing country whilst the Phytosanitary Certificate is issued by the exporting country and it allows the importation of seeds according to the phytosanitary requirements.
In addition, ECOWAS requires a declaration after inspection that indicates the absence of a pest during on-farm production, any pre-treatment with hot water or with a fungicide, and passage through a quarantine station. In the ECOWAS sub-region, unlike the situation in the Southern Africa Development Community (SADC) [24] , the process of harmonization of regulatory quarantine measures is not yet being implemented in Member Countries. Therefore, the importation of rice seeds between ECOWAS Member Countries still faces barriers owing to the necessity to comply with the regulation in each country. The Plant Quarantine Service (PQS) in each country has defined specified treatments and treatments reference PQS that each seed lot must undergo. The requirements for Phytosanitary Certificate (PC) and Import Permit (IP) and other specific requirements vary from one country to another. The importation of rice seeds into Benin, for example, requires that importers hold the PC and IP, treatment of seeds with an insecticide and fungicide in hot water (53°C for 15 minutes). Upon arrival, the package and the PC of the country of origin should be presented to plant protection officers for verification and validation. However, because of permeability of borders in West African countries, seeds are illegally brought in by some seed dealers and/or farmers without passing by the required checks at entry points (Authors' personal observation). This could be a potential means for pest introduction. Awareness-raising on the importance of check at entry points will help to reduce such practices.
Way forward
Governments can intervene in phytosanitary regulation in different ways especially by providing quarantine services with financial and trained human resources to organize and implement phytosanitary regulations, to carry out research and share information [25] . Harmonization and successful implementation of the regional legislation on pest quarantine is imperative to cope with these challenges. This can be achieved with a real commitment of policy makers in each ECOWAS member country. Trust must be established among phytosanitary regulation agencies in order to accept control and tests done in other member countries of the Community. Currently, most of the countries have weak infrastructural capacity for implementing plant health regulations [26] . Because of the importance of pest control, countries should endeavor to establish wellequipped laboratories for phytosanitary control [25] . Training of regulatory staff and furnishing of laboratories with updated equipment will help to build this trust. Efforts and resources should be devoted to research on pests and regulatory mechanisms in order to define, among others, pest status in the region, regularly update the list of quarantine pests, and make the best of the harmonization in the West African region.
CONCLUSION
The regulatory measures of quarantine pests for plant materials, such as rice seeds, established in West Africa are summarized in national laws and regional regulations governing the protection of plants, animals and food prepared by ECOWAS. The importation of rice seeds within West Africa is subordinated to a phytosanitary certificate and import permit notifying that seeds are free of quarantine pest considered for rice seeds in the country of destination and to the satisfaction of the other specific requirements of each country. Phytosanitary regulation and the list of quarantine pests do not meet international standards. More rigors are advocated in the establishment of the pest quarantine list, which should take into account the directive provided by the IPPC and provide the necessary information related to regulated pests, scientific name, class and distribution. The list should be updated in the light of current scientific understanding and knowledge and submitted to the IPPC as well. Plant health officers need to be trained and appropriate facilities built in order to exert effective controls. 
